Abstract
I. INTRODUCTION
The problem of a similarity solution for the laminar flow and heat transfer between two separated fluids has been attracted a lot of attention recently. Aziz [1] has demonstrated that a similarity solution is possible for a convective boundary condition at the plate, where the convective heat transfer of the fluid heating the plate on its lower surface is proportional to . Shokouhmand H. et al. [2] has described the development of local and non-local similarity solutions for laminar flow and heat transfer between two separated fluids. Magyari E. [3] has been investigated the exact solution for the temperature boundary layer in terms of the solution of the flow problem in a compact integral form.
The homotopy analysis method (HAM) is one of the well-known methods to solve non-linear equations that does not need to any small parameter. This method has been introduced by Liao in 1992 [4] [5] [6] [7] [8] [9] . The method has been used by many authors [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] in a wide variety of scientific and engineering applications to solve different types of governing differential equations: linear and nonlinear, homogeneous and non-homogeneous, and coupled and decoupled as well. This method offers highly accurate successive approximations of the solution. In this paper, we will study the resulting thermal similarity equation for laminar flow and heat transfer between two separated fluids for various Prandtl numbers and a range of values characterizing the hot fluid convection process. The system of nonlinear coupled ordinary differential equations is solved analytically using homotopy analysis method (HAM) and numerically using Matlab bvp4c numerical routine.
Problem formulation
Consider the problem of hydrodynamic and thermal boundary layer flows over a flat plate in a stream of cold fluid at temperature moving over the top surface of the plate with a uniform velocity . Assuming steady, incompressible, laminar flow with constant fluid properties and negligible viscous dissipation, and recognizing that the boundary layer equations can be written as: Continuity:
Momentum:
Energy:
Where and are the (along the plate) and the (normal to the plate) components of the velocities, respectively, is the temperature, is the kinematic viscosity of the fluid, and is the thermal diffusivity of the fluid. The velocity boundary conditions can be expressed as As mentioned before, the bottom surface of the plate is heated by convection from a hot fluid at temperature which provides a heat transfer coefficient . The boundary conditions at the plate surface and far into the cold fluid may be written as A similarity solution of Eqs. (1) - (5) (11) - (15) yield the similarity solutions. With defined by Eq. (17), the solutions generated are the local similarity solutions.
Homotopy analysis solution

Zero-order deformation equations
Solving Eqs. (11)- (16) using HAM [25, [26] [27] [28] [29] . From the boundary conditions (13) - (16) If h is properly chosen, the series (34) and (35) are convergent at , we have, using (32) and (33), the solution series:
Higher order deformation equations
Differentiating the zero-order deformation equations (27) and (28) m times about q, then setting , and finally dividing them by , we obtain the mthorder deformation equations: subject to the boundary conditions: where and According to initial approximations and the auxiliary linear operators, we set:
The first order deformation equations:
and the boundary conditions: so that we have:
Similarly, we obtain:
Since the solutions and are too long, so they are calculated and shown graphically. ISSN: 2231-5373 http://www.ijmttjournal.org 
Convergence of the HAM solution
For an analytic solution obtained by the homotopy analysis method, its convergent depends on the auxiliary parameter . If this parameter is properly chosen, the given solution is valid, as verified in previous works [25, [26] [27] [28] [29] . Since the interval for the admissible values of corresponds to the line segments nearly parallel to the horizontal axis. Then we know that the admissible values for the parameter is . In this paper we choose .
Results and discussion
In Table 1 , the results of the problem for fixed Prandtl numbers of 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1, 5 and 10. For each Prandtl number, both and increase as increases. According to the results, as the solution approaches the classical solution for the constant surface temperature. This can be seen from the boundary condition equation (15) which reduces to as . It can be observed that these results of previous work, numerical and analytical solutions agree up to four places of decimal. Fig. 1 compares the Homotopy analysis method with the numerical solutions for a fixed Prandtl number of 0.72 and for a range of values of the parameter . For each curve, the vertical intercept gives the plate surface temperature. The plate surface temperature increases as increases. In Fig. 2 the temperature profiles are shown for the value of the convective heat transfer parameter and seven selected values of the Prandtl number Pr for both numerical and analytical solutions. The larger Pr, the smaller temperature profiles . As an illustration of the comparing between analytical and numerical results, in Fig. 3 fig. 4 the numerical and analytical solutions for the wall temperature is plotted as a function of for three selected values of Pr. As it is seen in Fig.  4 , the wall temperature decreases monotonically with increasing value of Pr for all specified values of .
The temperature and heat transfer characteristics of the Blasius flow have been investigated if the convective heat transfer of the fluid heating the plate on its lower surface is proportional to . Numerical and analytical solutions were compared with previous work [1, 2, 3] in order to get an excellent agreement between results.
